The reaction of the ring-expanded N-heterocyclic carbenes (RE-NHCs) with [ZnMe2] affords the structurally characterised complexes [(6-Mes)ZnMe2] (1) and [(7-Mes)ZnMe2]
Introduction
In recent years there has been considerable interest in the ring opening polymerisation of lactide. [1] [2] [3] This is due to the biodegradable nature of polylactide (PLA) and the fact that the monomer can be prepared from annually renewable raw materials. This has led to it being viewed as a serious, high-volume alternative to plastics derived from petrochemical sources.
As a result, intensive efforts have been aimed at developing new, well-defined, sustainable metal initiators that bring about the ring-opening polymerisation of lactide to afford PLA in a well-controlled and stereoselective manner. [4, 5] Thus, attempts to find a replacement of the current industrial initiator, tin octanoate, by metals from groups 2 [6] [7] [8] [9] [10] , 3 [11] [12] [13] [14] and 4 [15] [16] [17] [18] [19] has been described. Moving to the right of the periodic table, zinc [6, [20] [21] [22] [23] [24] [25] has been considered as a very desirable metal centre to use on the grounds of it being cheap, low in toxicity and also biocompatible, which makes it ideal for some of the biomedical applications of PLA, such as stents and scaffolds for tissue engineering applications. [26] [27] [28] In early efforts directed at preparing robust zinc complexes stabilised by Nheterocyclic carbenes (NHCs) as pre-catalysts for the ROP of lactide, the Tolman group [29, 30] demonstrated that NHC dissociation was possible from [(IPr)ZnEt2] (IPr = 1,3-bis(2,6-diisopropylphenyl)imidazol-2-ylidene) upon addition of alcohol initiator, raising the question of whether the subsequent polymerisation was metal or free carbene catalysed. [31, 32] The formation of heterotactic enriched PLA from [(IPr)ZnEt2] in contrast to the formation of isotactic enriched polymer using IPr alone implied that the major catalytically active species present in solution was not the free carbene. In efforts to address this issue further, approaches to help limit the potential for Zn-NHC dissociation have been employed, such as the use of oxygen/nitrogen donor substituents on the carbene in an effort to yield bidentate ligands. [33] [34] [35] An alternative approach involves the use of more strongly -donating carbenes, on the basis that they should afford stronger M-CNHC interactions. One such class of these are ring-expanded NHCs, a generic name given to carbenes based on ring-sizes of greater than 5.
[36] Herein, we describe our findings on the ROP of rac-lactide with [(RE-NHC)Zn(alkyl)2] pre-catalysts (RE-NHC = 6-Mes, 7-Mes; Scheme 1), as well as the free carbenes for comparison.
Experimental

General Considerations
Manipulations were carried out using standard Schlenk, high vacuum and glovebox techniques. Solvents were purified using an MBraun SPS solvent system (toluene, hexane) or under a nitrogen atmosphere from sodium benzophenone ketyl (thf, benzene). C6D6 was vacuum transferred from potassium. 
Crystallography
Data for 1 and 2 were collected on Agilent Excalibur and Supernova diffractometers respectively. Relevant details are summarised in Table 1 . There were several pertinent issues
in relation to refinement of these structures. In particular, the asymmetric unit in 1 comprises one full molecule plus a half of one molecule of the zinc complex. In the latter, the zinc centre (Zn2) and the carbene carbon (C25) are coincident with a crystallographic 2-fold rotation axis about which some disorder was prevalent. This was modelled by treating all atoms in the half carbene ligand as being located over two proximate sites in equal ratio.
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Additional disorder was evident for the apical carbon (C27) of the NHC ring which was also modelled. Ultimately, separation of these two fractional-occupancy, half-ligand moieties into separate 'parts' precluded addition of the hydrogens to the heterocyclic ring at chemically correct positions. Hence, the hydrogen atoms attached to C26, C27, C26A and C27A were
omitted from this refinement. Fractional occupancy carbon and nitrogen atoms were refined subject to some ADP restraints during the final least-squares in order to assist convergence. excess of a dozen samples before it was accepted that the diffraction pattern did not arise from a twinned sample and that the crystals were predominantly single. It is worthy of mention that crystals were also examined at room temperature, as well as at 150 K, the temperature at which the data were collected. These ambient temperature analyses afforded the same space group and unit cell metrics to those reported here, precluding the fact that the long c axis arises from a crystal that is undergoing a phase transition. 
Ring-opening polymerization (ROP) studies
For polymerizations, the monomer:Zn/RE-NHC:BnOH ratio employed was 100:1:1 at room temperature; in all cases 0.72 g of rac-lactide were used. After the appropriate reaction time, the vessel was opened to air to quench the reaction, the resulting solid then dissolved in CH2Cl2 and all solvents then removed in vacuo. 1 H NMR spectroscopy (CDCl3) and GPC (THF) were used to determine tacticity and molecular weights (Mn and Mw) of the polymers produced; Pm (the probability of isotactic linkages) were determined by analysis of the methine region of the homonuclear decoupled 1 H NMR spectra. GPC were recorded on a Polymer Labs 50 instrument and referenced to polystyrene standards.
Results and Discussion
Synthesis and Characterisation of [(6-Mes)ZnMe2] (1) and [(7-Mes)ZnMe2] (2)
The 
Polymerization of rac-lactide by 1, 2 and free RE-NHCs
To assess the applicability of the complexes for the ROP of rac-lactide, 1 and 2, as well as the free carbenes, were trialled in solution at a 100:1:1 ratio of LA:Zn(or free carbene):BnOH for 2 h at room temperature in either THF or toluene. The results are summarised in Table 2 . Both the zinc complexes and the free carbenes were able to afford PLA under the conditions tested. As expected, polymerization was slower in THF. Narrow molecular weight distributions were observed for all systems indicating a degree of control in the molecular weight with these systems, particularly when run at 0 C. End group analysis (by MALDIToF MS) for the PLA produced in THF with 6-Mes indicated an H-and -OCH2Ph end group were present. When two equivalents of BnOH were used, the molecular weight of the PLA reduced by a half, indicative of a good degree of control in the polymerization process.
Furthermore, there is a suggestion of very slight isotactic bias as indicated by an enhanced iii tetrad in the 1 H{ 1 H} NMR spectra of the polymers obtained. In toluene, there does not appear to be a major difference between the Zn complexes and the free carbenes in their ability to polymerise rac-lactide, both affording PLA with a Mn of ca. 20,000 after 2 h. However, in 13 THF, the yields of PLA were significantly lower for the Zn complexes compared to the free carbenes, 44% vs 77% for the 6-NHC systems and 33% vs 60% for the 7-NHC cases. This suggests that the Zn centre is playing a role in the polymerization in THF. However, as noted above for other Zn-NHC cases, the similarity of the data between the Zn complexes and the free carbenes in toluene implies that even with such strongly donating NHCs, dissociation of carbene from Zn being responsible for the activity cannot be ruled out.
Conclusions
Two new zinc complexes containing strongly -donating ring-expanded Nheterocyclic carbenes have been prepared and investigated as pre-catalysts for the ringopening polymerisation of rac-lactide. A comparison of their activity with that of the free carbenes 6-Mes and 7-Mes suggests that both metal species and free ligands play a role in catalysis, depending on the solvent. Given this complication, further experiments are in order to elucidate the nature of the zinc species formed under the catalytic conditions and show whether it is these which dissociate NHC rather than 1 and 2. Overall, our findings imply that even the most donating monodentate carbenes still appear to be prone to dissociation from zinc during lactide polymerisation. 
